Activators of protein kinase C selectively enhance inactivation of a calcium current component of cultured sensory neurons in a pertussis toxin-sensitive manner.
1. Three calcium current components were recorded in mouse dorsal root ganglion (DRG) neurons using the single-electrode voltage-clamp technique, the transient low-threshold (T), the slowly inactivating high-threshold (L), and the transient high-threshold (N) calcium current components. 2. Two activators of protein kinase C, the phorbol ester, phorbol 12,13-dibutyrate (PDBu) and the diacylglycerol analogue, 1,2-oleoylacetylglycerol (OAG), were tested to determine their effects on the three calcium current components. Neither compound affected the isolated T current, but both had similar effects on calcium currents containing both the N and L current components. PDBu and OAG reduced the peak but had little effect on the late (greater than or equal to 300 ms) calcium current evoked at clamp potentials (Vc) positive to -20 mV from holding potentials (Vh) near the resting membrane potential (-70 to -55 mV). The reduction in peak calcium current ranged from 15 to 40% and was present in all neurons tested. In contrast, there was little or no effect of these compounds when calcium currents were evoked from Vh at or negative to -80 mV. A phorbol derivative, 4-alpha-phorbol, which does not activate protein kinase C, had no effect on calcium currents at any potential. 3. Pretreatment of cultures with pertussis toxin [(PTX); 100-200 ng/ml] for 4-24 h abolished the PDBu-induced reduction of calcium current. 4. Multiexponential curve-fitting of current traces was used to determine the amplitudes and inactivation time constants (tau i) of the T, N, and L current components. PDBu selectively reduced the amplitude of the N current component but had no effect on any of the tau i. 5. PDBu had no effect on the voltage dependence of the current-voltage relation or on the time dependence of recovery from inactivation at time intervals up to 500 ms. In contrast, PDBu produced a -7.5-mV shift in the steady-state inactivation curve, sufficient to account for its effect near the resting membrane potential. 6. PDBu and OAG had selective, voltage-dependent effects on the calcium current components of mouse DRG neurons in culture. We conclude that activation of protein kinase C caused a selective reduction of the N current component; this effect was due to increased steady-state inactivation at membrane potentials positive to -80 mV and was mediated by a G protein.